. The concentration of PAT and OTA in the beverages analyzed was found to be affected by the type of fruit product, fruit commodity and production year. A great amount of data on the incidence of these mycotoxins in these matrixes can be further used in the development and reinforcement of measures to reduce the burden of their presence in juices and wines. This is important since PAT levels above the limit set by regulations were high and fruit juices are quite consumed by children. Although OTA contamination was low, effective ways to safeguard consumer exposure to PAT and OTA and consequently to protect public health are essential and indispensable.
Introduction
Patulin (PAT), a mycotoxin produced by some species of Penicillium and Byssochlamys, features different harmful functions such as toxic, antibiotic, carcinogenic and mutagenic properties (Luque, C ordoba, Rodríguez, Núñez, & Andrade, 2013) . PAT is highly soluble in water and highly stable in aqueous acid media, so it penetrates mainly into apple derivative products, such as juices (G€ okmen & Acar, 2000) . In pasteurized juices, some Byssochlamys species are potential producers of PAT, due to their capability to resist thermal processing usually applied to fruit juices (Sant 'Ana, Rosenthal, & Massaguer, 2008) . Cleaning of fruits by washing and removal of decayed parts are two main low-cost procedures to mitigate PAT in processed fruit products like juices and concentrates (Forouzan & Madadlou, 2014) .
Ochratoxin A (OTA), produced by species of Aspergillus and Penicillium, is an important nephrotoxic mycotoxin with carcinogenic, teratogenic, immunotoxic, genotoxic and possibly neurotoxic effects (Al-Hazmi, 2010) . The occurrence of OTA in fruit juices results from poor agriculture and harvesting practices, especially in the case of physical and physiological damage (Delage, d'Harlingue, Colonna Ceccaldi, & Bompeix, 2003) . Also, OTA-producing fungi and final OTA amounts may be affected by climatic conditions. OTA normally occurs in subtropical regions and temperate climate and can be found in diverse foodstuffs of these regions, such as wines and grape products. Like other mycotoxins, OTA is relatively heat resistant within the range of applied thermal processing conditions. Nonetheless, OTA is partially destroyed during fermentation procedures, so it can also be found in various industrial food products (Soufleros, Tricard, & Bouloumpasi, 2003) . Data suggest that OTA occurrence in subtropical regions of Argentina, Australia, and Brazil, is caused by black aspergilli.
There are several factors that affect PAT and OTA contamination levels in fruits and fruit products such as type and cultivar of fruit, climate conditions, geographical location, year of production, preand post-harvest treatments, use of pesticides, surface damage on the fruit, and storage conditions (Jackson & Al-Taher, 2008; Varga & Kozakiewicz, 2006) . As result of their potential occurrence in several foodstuffs and their threats to human health, maximum levels of PAT and OTA have been established. The maximum tolerable level of PAT in nectars and fruit juices, particularly apple juice ingredients and apple juices in other drinks sold in Europe is 50 mg/ kg and the provisional maximum tolerable daily intake for PAT set by the Scientific Committee on Food is 0.4 mg/kg of body weight (bw) (European Commission, 2006) . The maximum level for OTA in wine, wine-based drinks, and grape juice is 2.0 mg/kg, also the European Food Safety Authority (EFSA) established that a tolerable weekly intake (TWI) for OTA is 120 ng/kg bw (European Commission, 2006) . Because of these standards, several studies have been conducted in different countries to assess the levels of these mycotoxins in foods (Am ezqueta, Gonz alez-Peñas, MurilloArbizu, & L opez Delage et al., 2003; Iha, Barbosa, Heck, & Trucksess, 2014; Makun et al., 2013; Nguyen & Ryu, 2014; Wu, Tan, Wang, & Xu, 2011) .
Surveys on the occurrence and levels of mycotoxins are of chief importance because they are reliable approaches to unveil real incidence of these contaminants in foodstuffs as affected by several factors. These comprise data of major relevance for food safety as the findings of surveys may allow comparisons with previous results and make it possible to assess contributor factors for the occurrence of mycotoxins. In addition, the findings of surveys will also allow decisions to be taken based on objective data. Given the above, the present study was performed aiming to report on the occurrence of PAT and OTA in many samples collected throughout nine years in Argentina. The objective of this study was to define the incidence and concentration of PAT and OTA in different fruit juices and wine as affected by production year, type of fruit and fruit commodity.
Material and methods

Samples collection
A total of 5958 samples of different types of fruit commodities (apple, apricot, grape, orange, peach, pear and pineapple) and type of fruit products (cloudy concentrated juice, cloudy single strength juice, concentrated juice, concentrated pulp, single strength pulp and sulphited juice) were obtained from 2005 to 2013 for the determination of PAT concentrations. Samples, collected for process verification or quality control, were obtained directly from 19 juice and pulp producers, located in different Argentinean provinces (n ¼ 10) (Table 1) . Industries provided samples in 1 L sterile containers, which were transported to the laboratory under adequate conditions (cooled or frozen).
During the same period (2005e2013), for determination of OTA level, a total of 1401 samples of different types of fruit juices (grape, apricot, lemon, orange and tangerine) and fruit products (concentrated juice cloudy, concentrated juice sulphited, concentrated juice, concentrated pulp, single strength juice, and red wine) were analyzed. Samples, also collected for process verification or quality control, were acquired directly from 13 juice and 36 wine producers located in eight Argentinean provinces (Table 2) .
Prior to analysis, samples were diluted with distilled water to the soluble solids ( Brix) recommended in the Code of Practice for Fruit and Vegetable Juices of the Association of the Industries of Juices and Nectars from Fruits and Vegetables of the European Union, European Fruit Juice Association (AIJN, 2015) . Reference values of soluble solids of juices and/or pulps were as follows: apple, 11.2, pear, 11.9, peach, 10.0, apricot, 11.2, pineapple, 12.8, grape, 15.9 and orange, 11.2) (AIJN, 2015) . Sample pH and Brix values were measured using pH-meter (Model pH-2005, Selecta, Barcelona, Spain) and a refractometer (Model RFM 330þ, Bellingham-Stanley Ltd, Tunbridge Wells, UK), respectively (data not shown).
Sample preparation
Juices, pulps, and wines were collected under aseptic conditions, placed in pouches or plastic sterile flasks (Low-density polyethylene) and transported to the lab under refrigeration (4 ± 0.2 C). In the case of non-clarified juices and pulps, 750 mL of 20 g/L pectinase solution (Pectinex ® , Novozymes, Bagsvaerd, Denmark) was added to 100 mL of diluted juices, homogenized and kept at 40 C for 2 h in a water bath. After this, treated samples were centrifuged at 120Âg for 10 min in an ultracentrifuge (Model Suprafuge 22, Heraeus Sepatech, Osterode, Germany) and the supernatant was collected.
PAT was extracted from juice samples (5 mL) with ethyl acetate (10 mL) (Merck, Darmstadt, Germany) in a shaker (Model SK-300, Jeio Tech, Seoul, South Korea) for 5 min. The extraction procedure was done according to MacDonald, Long, and Gilbert (2000) . The supernatant layer was recovered and evaporated at 40e45 C before the addition of 2 mL of 15 g/L sodium carbonate. The dried contents were re-suspended in 1 mL of acetate buffer pH 4.9 (acetic acid 0.2 mol/L þ sodium acetate 0.2 mol/L; 49 mL/9 mL). The recovery of PAT varied between 87 and 100% for juices and pulps.
OTA extraction from wines and must samples was done using the official method proposed by Visconti, Pascale, and Centonze (2001) . The pH of samples was adjusted to 7.2 with 40 g/L NaOH solution and a 10 mL portion was taken and added to an immunoaffinity column (OchraTestTM; Vicam, Digen Ltd, Oxford, UK). The column was washed with 10 mL of phosphate buffer solution containing 10 mL/L Tween 20 and then with 10 mL of double distilled water. OTA was eluted from the column with 1.5 mL of methanol/acetic acid (98 mL:2 mL), at a flow rate of 1 drop per second. Samples were analyzed by High Performance Liquid Chromatography (HLPC) in duplicate and two injections were made for each sample extract. The average was then reported. The recovery of OTA varied between 70 and 114% for wine and juices.
HPLC quantification
PAT quantification was performed as recommended by MacDonald et al. (2000) . PAT standard (pure crystalline) was obtained from Sigma (St. Louis, MO, USA) and a stock standard solution (200 mg/mL) of this mycotoxin was prepared by dissolving the pure crystalline toxin in double distilled water (pH 4.0) acidified with acetic acid. Working standard solutions (0.05; 0.1; 0.2; 0.5 and 1.0 mg/mL) were made by appropriate dilution of this solution with acetate buffer (pH 4.0). PAT was detected using a HPLC (Shimadzu, Kyoto, Japan) equipment comprised of a PolyLCReliasil C-18 column (OIV, 2016) . The HPLC system used for OTA determination was a Shimadzu (Kyoto, Japan) equipped with a C18 column (150 Â 4.6 mm, 5 mm particle size; Supelcosil LC-ABZ, Supelco, Bellefonte, PA, USA), connected to a pre-column (20 Â 4.6 mm, 5 mm particle size; Supelguard LC-ABZ, Supelco), system controller (CBM-20A), solvent delivery unit (LC-20A), auto-sampler (SIL-20AHT), column oven (CTO 20AC), liquid chromatographic pump (LC 20AD), spectrofluorescence detector (RF-10AxL, excitation at 333 nm; emission at 460 nm) and photo-diode array detector (SPD-M20A). The mobile phase was pumped at 1 mL/min and consisted of an isocratic system of acetonitrile/water/acetic acid (99 mL:99 mL:2 mL). The injection volume for OTA samples was 100 mL and its retention time was 10 min. OTA standard solution was prepared using OTA standard (purity > 99%; Sigma-Aldrich Co., St Louis, MO, USA) at a concentration of 40 mg/mL.
Statistical analysis
All statistical analyses and graphs were performed by means of SPSS software (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp, USA). The data were processed using descriptive statistical parameters and relative frequencies (proportions) were calculated to express the prevalence of PAT and OTA in the diverse samples marketed in Argentina (Granato, Calado, & Jarvis, 2014) . In order to compare the relative frequencies, the goodness of fit test (z-score test) was used. Samples with an amount of PAT or OTA higher than the LOQ were deemed positive, while samples with quantities between the LOD and the LOQ were deemed negative. Mean PAT and OTA contents were calculated by using LOD/2 for negative samples according to Succop, Clark, Chen, and Galke (2004) .
Experimental results were reported as percentage of positive samples, mean, standard deviation, median, minimum and maximum concentrations for each mycotoxin based on years, type of fruit and type of product, separately. To compare the OTA and PAT levels between the years, type of fruit and type of product, oneway analysis of variance (ANOVA) followed by Z-score test with Bonferroni's method (Agresti, 2007, p. 744) or Duncan's multiple comparison test were applied for multiple comparisons of treatments (Nunes, Alvarenga, Sant'Ana, Santos, & Granato, 2015) .
Resuts and discussion
3.1. Quality assurance of the method HPLC methodology was evaluated for quality assurance using parameters such as Limit of Detection (LOD), Limit of Quantification (LOQ), recovery, precision (SD), repeatability relative standard deviations (RSDr) and measurement. For PAT, values found for all kind of products were the same and included a LOD of 3 mg/L, LOQ of 10 mg/L, 94% of recovery, SD of 4,5 mg/L, RSDr of 4.7% and a measurement of 22%. For OTA, values were the same for all products (LOD of 0.87 mg/L, LOQ of 1.7 mg/L, 92% of recovery, SD of 12.1 mg/L, RSDr of 13.2% and measurement of 36%) excluding single strength juice and wine, for which values found were LOD of 0.15 mg/L, LOQ of 0.3 mg/L, 92% of recovery, SD of 7,6 mg/L, RSDr of 8.3% and measurement of 26%.
Incidence and concentration of PAT in fruit juices and pulps
The results of the incidence and concentration of PAT in analyzed samples obtained in 2005e2013 are shown in Table 3 . PAT could be detected in 1997 out of 5958 samples at concentrations The highest PAT level was detected in 2013 (19,622 mg/L) and the highest mean concentration was found in 2008 (48.5 mg/L), however there was no significant difference between the mean concentrations of all years. Factors such as different cultivation procedures, climate conditions and different periods of storage at chilling temperature could explain the differences observed in the positive samples for the years analyzed (Table 3 ). It could be also observed that the median values were almost all zero, except for the year of 2005 (13.1 mg/L). The explanation for this data is that 66.4% of samples analyzed for PAT have concentration values equal to zero, which pulls the median values also to zero.
Analyzing Table 4 , regarding the effect of fruit commodity, the significantly highest percentage of positive samples was detected for apple (1866 of 4634 samples), whereas samples of pineapple and orange did not show positive samples. Apple also had the maximum PAT concentration between fruit commodities (19,622 mg/L). However, grape samples presented the highest mean concentration for PAT (283 mg/L), differing significantly from others.
Again, median values were all equal to zero. Table 4 Generally, there is an extensive variability in the fraction of positive samples among several reported investigations, because of different techniques and LOQ used, becoming complex to compare these values. According to the literature, about 50% of apple juice samples analyzed have been contaminated up to PAT detectable levels (Prieta, Moreno, Diaz, Suarez, & Dominguez, 1994) . Sometimes, contamination of apple juice products might reach 8000 mg/ L, especially when the partly rotten apples are used for production of juices (Brackett & Marth, 1979) , and even higher concentration of PAT has already been detected when decayed apples were not separated through the processing at industrial premises (Wilson & Nuovo, 1973) . G€ okmen and Acar (2000) observed that all 215 samples of apple juice concentrate produced in Turkey in 1994 were contaminated with PAT at levels ranging from 7 to 376 mg/L, and 98 of these samples contained PAT levels above 50 mg/L. A survey conducted in South Africa demonstrated that the maximum PAT level was 45 mg/L in 60 commercial apple products (Leggott & Shephard, 2001) . PAT determination in solid and semisolid apple and pear products commercialized in Argentina revealed that only 11 out of 51 analyzed samples were positive with a mean contamination level of 61.7 mg/kg (Funes & Resnik, 2009 ).
In the present study, PAT contamination in 1487 (25%) samples out of 5958 analyzed samples was below 50 mg/L, in addition 464 (7.8%) of the fruit juice and pulps samples had PAT levels between 50 and 200 mg/L. Only 46 (0.8%) of investigated samples were contaminated with levels higher than 200 mg/L. In a similar study in the Northeast China, 95 samples of apple products were examined Table 3 Occurrence (2009), who studied PAT in apple juice and apple products in Catalonia, Spain, the mean PAT concentration recorded in apple juices was 8.05 mg/kg, and none of the samples had levels greater than the permitted EU level. Similar result was found by Tangni et al. (2003) , PAT contamination of domestic and imported apple-based drinks in Belgium was analyzed and PAT was detected in 79%, 86% and 43% of 29 samples of national apple juice, 14 samples of imported apple juice and 7 samples of ciders, respectively. However, none of the contaminated samples was over the EU limit and mean concentration of PAT was 9.0 mg/L for apple juices (national and imported) and 3.4 mg/L for ciders. Findings of Spadaro, Ciavorella, Frati, Garibaldi, and Gullino (2007) at Italy indicated that the mean level of PAT in pure apple juices was 9.3 mg/kg and 47.2% of samples were positive. The occurrence of PAT in 69 organic and 100 conventional fruit products in Italy was investigated by Piemontese, Solfrizzo, and Visconti (2005) . According to the authors, the incidence of positive samples was higher in organic (45%) than in conventional products (26%), as well as the mean concentration of PAT in apple, pear and other juices and fruit purees.
PAT determination in apple juice concentrates in Shaanxi (China) showed that 1941 out of 1987 examined samples were positive, but only four samples contained the PAT level above 50 mg/ kg (Guo, Zhou, Yuan, & Yue, 2013) . Additionally, 85 samples of different apple juice products, largely consumed by Tunisian population, were investigated and the incidence of PAT contamination was 35% with a mean value of 20 mg/L. Only 18% of total juice samples exceeded the established EU limit (Zaied, Abid, Hlel, & Bacha, 2013) . The differences between the levels of contamination among the different studies may be because of the influence of different apple raw materials, processing steps and storage conditions of apple juices (Sant'Ana et al., 2008) .
Comparing the results in the present study of products obtained in Argentina with studies conducted in other countries showed that the fairly high incidence of PAT was observed in fruit juice samples and the maximum concentrations of PAT were higher than the maximum recommended level of Codex Alimentarius (50 mg/L).
According to Beretta, Gaiaschi, Galli, and Restani (2000) , Burda (1992) and Cheraghali et al. (2005) , which analyzed samples of apple juice in Australia, Italy, and Iran, the highest levels of PAT found were 646, 1150 and 285 mg/kg, respectively. However, our findings showed that the highest PAT detected level was 19,622 mg/ L. Due to the high level of contamination; improvements in the process of production are strongly recommended.
Incidence and concentration of OTA in fruit juices and wine
The results for OTA in the analyzed samples through the years of 2005e2013 are shown in Table 5 . OTA was detected in 22 out of 1401 analyzed samples (ranging from 0.1 to 3.6 mg/L). Results regarding the type of fruit for OTA contamination were in Table 6 . Grape showed the highest number of contaminated samples (19 of 1356 samples), however orange and tangerine presented the significantly highest positive samples, both with 1 contaminated sample in 2 analyzed samples (50%). Apricot and lemon samples had no OTA contamination. Mean OTA concentration was also significantly higher for orange and tangerine.
Maximum OTA concentration level was found for grape (3.6 mg/L)
and median values were all zero.
Analyzing Table 6 for type of product, cloudy concentrated juice had the significantly higher number of positive samples (2 out of 21 samples). There was no OTA contamination for concentrated pulp products. Single strength juice presented the highest mean OTA concentration (0.1 mg/L) (p < 0.05) and the highest maximum OTA value (3.6 mg/L). Again, median values were zero for all samples.
Our results have good confirmation in comparison with previous investigations. The levels were not high when compared with the data reported by Czerwiecki, Wilczynska, and Kwiecien (2005) , who demonstrated that the incidence of OTA in wine samples from Polish market was 92% and its concentration ranged from 2.2 to 6710 ng/L with a mean of 39 ng/L. Nevertheless, in the case of grape juice and fruit drinks, OTA was identified in all samples with concentrations varying from 1.6 to 64.7 ng/L. Ng, Mankotia, Pantazopoulos, Neil, and Scott (2004) determined OTA in samples of wine and grape juice collected over three years in Canada. Authors observed that 47 of 180 samples of wine and 4 of 71 grape juice samples showed OTA levels higher than the LOQ. All positive samples were below the maximum levels of EU. Rosa, Magnoli, Fraga, Dalcero, and Santana (2004) investigated the level of OTA contamination in grape and grape products in Brazil and found that 25% of 64 samples of grape juice and frozen pulps were positive for OTA with mean and maximum concentration of 37 ng/L and 100 ng/L, respectively. For wine samples, the mean concentration observed in positive samples (28.8%) was 34.4 ng/L. The present study had a higher mean concentration and lower incidence of OTA in comparison with results of Rosa et al. (2004) . Also, our results showed that the level of OTA in grape juice and wine (Tables 5 and 6) in Argentina was not of main concern of food safety, but the improvement of the quality of raw materials and standardization could be used to keep the safe situation.
In Spain, a survey of Bellí, Marín, Duaigües, Ramos, & Sanchis (2004) on 240 samples of grape-based beverages was carried out and 43 (17.9%) of all samples presented measurable levels of OTA. The authors also concluded that the percentage of wine samples with detectable quantities of OTA was higher for red (18.3%) than for white (10%) wines. Chiodini, Scherpenisse, and Bergwerff (2006) reported the median OTA concentrations of 0.073 mg/L, 0.092 mg/L and 0.066 mg/L for red, ros e and white wines, respectively. The authors did not find significant differences between OTA concentrations in organic and conventional wines. Samples of wine (n ¼ 30), beer (n ¼ 5) and fruit juices (n ¼ 14) from Morocco were evaluated for OTA level, and all wine samples were contaminated at a mean of 0.65 mg/L, just one sample of fruit juices were contaminated (1.16 mg/L) and none contamination was found for beer samples (Filali et al., 2002) . Pietri, Bertuzzi, Pallaroni, and Piva (2001) analyzed OTA contamination in 96 samples of red wine and 15 samples of white dessert wine produced in the years of 1995e1997 in 19 Italian regions. It was observed that OTA amount ranged from <1 to 3856 ng/ L, and the mean OTA concentration for red wine was 90 ng/L and for white dessert wine was 8 ng/L. It was also concluded that the geographical region of origin has a strong influence on OTA contamination for both types of wines. In another study, also using Italian wines and South African wines, 2 Italian red wines from 8 samples analyzed were contaminated with OTA at a mean level of 0.58 mg/L, while all South African wines were contaminated with OTA at a mean level of 0.16 mg/L in the white wines and 0.24 mg/L in the red wines (Shephard, Fabiani, Stockenstr€ om, Mshicileli, & Sewram, 2003) .
Conclusion
In this extensive study on the incidence of PAT and OTA in fruit juices and wines in Argentina, it has been showed that 33.5% of fruit juice samples contained PAT in the level above of LOD and just 1.6% of fruit juices and wines were contaminated with OTA. PAT and OTA concentrations values varied greatly among samples regarding year, type of fruit and type of product. It should be emphasized that a great amount of data on the incidence of these mycotoxins in these matrixes can be further used in the developments and reinforcement of measures to reduce the burden of their presence in juices and wines and also used to establishing new maximum tolerable levels. It is worrying that 8.6% of the samples analyzed for PAT were above the limit imposed by the European legislation, mainly because fruit juices are quite consumed by children. Although OTA contamination was low, effective ways to safeguard consumers against PAT and OTA toxic effects and consequently to protect public health are important and necessary. The use of good agricultural practices in order to avoid fungal growth in the field and during storage of fruits as well as the improvement of processing conditions are ways to mitigate the occurrence and concentration of these mycotoxins in fruit juices and wines.
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